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Methods for Increasing the Crop Pro-
ducing Power of Irrigation 
Water 
By 
John A. Widtsoe and L. A. Merrill 
1. INTRODUCTION. 
The studies of the tah Station on the effect of water on 
the yields of crops have shown, first, that as the water ap-
plied increases, the total weight of dry matter also increases ; 
and second, that the increase is not in proportion to the 
amount of water applied, since the less water applied, the 
larger the yield of dry matter for each inch of water used. 
These experiment, as reported in bulletins o. 116 and No. 117 
indicate with much certainty the best quantities of water to 
use for various crops. When, however, each fa-rmer has 
been allotted this best quantity, the question still remains 
as to the best way in which to use it on a definite area 0f 
land. The question brings into prominence several factors, 
recognized by the farmer, but concerni'!?-g which very little 
definite data exi t. 
In the irrigation investigations conducted at this sta-
tion, tests were continually made to determine the best metn-
ods of using a definite quantity of irrigation water on a given 
land ·surface. In this bulletin SOme results of the work have 
been gathered and are now presented for consideration. The 
findings are not complete; some undoubtedly will be revised 
considerably, and they must be applied, therefore, with car~­
ful reference to the conditions existing where the work is 
to be done. 
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The work herein reported was done on the Frankhauser 
and the Greenville farms, which have been fully describej 
as to soil and· climatic conditions in other bulletins of this 
station.* In fact, the work reported herein, is simply a part . 
of the larger investigations, relating to the duty of water, the 
results of which have been published in several bulletins of 
the Utah Station. 
II. THE TIME OF APPLYING IRRIGATION WATER. 
The time at which water is applied to crops determines, 
largely, the yield. This question is only partially un-
derstood, although much discussion has been carried on 
concerning it. Practical difficulties confront the farmer who 
attempts to apply water at definite times. The flow of water 
is continuous throughout the season, and to prevent waste, 
should be used continuously. This, obviously, can be done 
only by a system of rotation whereby each farmer, of the 
hundreds under the canal, is given a definite qtla~tity ,)f 
water at regular intervals. Should the fanner use a certain 
stream of water once -a week, or a stream twice as large every' 
two weeks, or one three times as large every three weeks? 
The practices of irrigation companies differ exceedingly in 
this matter. In some cases, water is supplied to the farmers 
in small streams twice a week, in others the farmer has to 
wait from three weeks to a month for his turn. Consid-
ering the uniform distribution of labor, ' the frequent receipt 
of water from the ditch is preferable; on the other hand, some 
farmers favor long intervals, so that the task of irrigation may 
come as seldom as possible, for the labor is severe while it 
lasts. The irrigated section is in serious need of definite 
information concerning the right tim~ for applying water '50 
that these questions of water rotation that confront the 
irrigation companies may be settled on the basis of a rational 
practice. 
Whether the water is received frequently or at long in-
tervals, the question . always remains as to the best use of the 
*Utah Station Bulletins, 115, etc. 
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water after it is on the land. In Table No.1, will be found 
the data obtained in the study of wheat and oat, represent-
atives of the small grains. 
In the first series of experiments about 3.5 inches of wa-
ter were used. This is equivalent to one fair sized irrigation .. 
In one case this was applied at the usual time of the fir-3t 
irrigation, that is, about or soon after the middle of J une_ 
In the second case the irrigation was delayed until the head 
were "filling out". When the water was applied, at the time 
of "filling out", there was a gain of about 3 bushels of wheat 
per acre, and a diminution of 461 pounds of straw, compared 
with the crop obtained with the June irrigation. The later 
irrigation seemed to enable the plant to transfer more of the 
nutritive materials from the stalks to the heads. 
In the next series of experiments, about '6.5 inches of 
water were applied in one and in two irrigations. With the 
latter the yield of grain was about 2 bushels over that o~­
(ained when the water was applied in one irrigation, but the 
yield of straw was somewhat decreased. This, al 0, seems 
to imply that it is advantageous to apply v. ater again aft~r 
the beginning of the irrigation season. 
In the next series 7.5 inches were applied in two IrrI-
gations, but in three different ways: first, in two equal IrrI-
gations; s~cond, one light and the second heavy; third, one 
heavy and the second light. The .largest yield of grain wa 
obtained when the water was applied in two equal irrigg,-
tions; the next highe t, when the lighter irrigation came 
first. The yield of straw varied in just the opposite manner, 
being smallest when the water was applied in two equal irri-
gations, and largest when the heavy irrigation· came first. 
This goes to show that the effect of the manner of appli-
cation was to increase or decrease the ease with which the 
materials stored in the stalks can be carried into the 
heads . When it is considered that the grain has a mucb 
higher value, pound for pound, than the straw, any method 
of irrigation that will enable the farmer to increase the grai~1 
at the expense of the straw becomes exceedingly ImpOri:-
ant. _ 
TABLE No.1. 
THE EFFECT OF THE DISTRIBUTION OF IRRIGATION WATER ON THE PRODUCTION 
OF WHEAT AND OATS. 
Distribution of Water. I Dry Matter I Grain Straw P er Cent N umber, Order and Amounts of Irrigations. Pounds Bushels Pounds Ratio. 
(Acre-Inches.) I Per ' Acre. P er Acre. P er Acre. Grain . 
WHEAT. 
With about 3.50 Acre-Inches (Two Years). 
At usual time (3.84 inches)-----~ _______ -_I 4510 31.85 2991 0.64 39.02 
W hen heads are filling out (3.09 inches) ___ 4255 34.92 2530 0.83 45.35 
With about 6.50 Acre-I nches (Two Years). 
Two irrigations of 3.41 inches each (6.82) ___ I 4142 1 37.77 3136 0.72 41.85 
One irrigation (6.19 inches) __________ _____ 1 5005 
· 1 35.79 3294 0.65 39.39 
With 7.50 Acre-Inches (Two Years) . . 
Two ~rr~gat~ons , 3.75 ; 3.75 _____ _" __ ____ ____ 1 5400 41.51 3379 0.74 42.33 
Two lrngatlOns, 2.5; 5.0 ____ ____ _______ __ 5396 40.19 3454 0.70 41.17 
Two irrigations~ 5.0; 2.5 _ -- -- ---- - - ______ I 5346 37.55 3558 0.63 38.65 
S5 
t:;:j 
c 
t""' 
t""' 
trl 
....., 
....., 
00 
With 10.0 Acre-Inches (Three Years) . 
Three irrigations, 2.5; 2.5; 5.0 ____________ 5487 41.72 3461. 1 0.72 41.86 
Three irrigations, 2.5; 5.0; 2.5 __________ -- 5212 44.36 3541 1 0.60 . 37.50 (") :::0 Two irrigations, 2.5; 7.5 ________________ 5168 42.89 3044 1 0.85 46.00 0 
Three ~rri.gati.ons, 3.33; 3.33; 3.33 _______ ·_-_1 5419 40.33 3470 1 0.70 41.17 t-c1 t-c1 Three lrrIgatlOns, 5.0; 2.5; 2.5 __________ __ 5600 43.12 3500 I 0.74 42.50 :::0 
Two irrigations, 5.0; 5.0 ______________ __ 1 5690 45.71 3443 I 0.77 44.44 0 t:' 
Two irrigations, 7.5; 2.5 ________________ 1 . 5449 43 .04 3340 I· 0.77 43.50 c:::: (") 
"""' With 10 Acre-Inches (Four Years). Z <;) 
t-c1 Two irrigations, 2.5 ; 7.5 ________ __ ___ ~ ___ I 5434 44.47 3238 0.82 45.05 0 
Three irrigations, 3.33; 3.33; 3.33 _________ 5887 43.75 3774 0.70 41.17 ~ 
Two irrigations, 5.0; 5.0 _________________ 5690 45.71 3443 0.80 44.44 trJ :::0 
Two irrigations, 7.5; 2.5 _______ ~--------- 5449 43.04 3340 0.77 43.50 0 
I-Ij 
With 15 Acre-Inches (Three Years). """' :::0 
:::0 
Three irrigations, 3.75; 3.75; 7.5 ___________ 1 6540 47.28 4273 """' 0.66 39.75 . CJ 
Three irrigations, 5.0; 5.0; 5.0 _____________ 1 6220 42.4~ 4212 0.61 37.88 :> ~ 
Two irrigations, 7.5; 7.5 ______________ __ _ 1 6349 46.58 4107 0.68 40.47 """' 0 
Z 
OATS. ~ 
:> 
~ 
With .15 Acre-Inches (Two Years). trJ :::0 
Three irrigations, 5.0; 5.0; 5.0-- ___________ 1 7007 80.29 
· 1 2800 1.72 63.23 
Two irrigations, 7.5 ; 7.5 ____ :- ____________ 1 6470 72.68 I 2675 1.63 61.97 -N 
'C 
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The next enes of experiments dealt with 10 inches of 
water applied throughout the season in several different ways. 
The largest yield of grain was obtained when the water W:iS 
applied in two equal irrigations, one immediately after the 
opening of the irrigation sea on and the other a little later, 
about the time of the " filling out" of the grain. The next 
largest yield of grain came when 2.5 inches were applied 
first , then 5 inches, then 2.5 inches again, the heavy irrig~l­
tion coming at about the time when the grain was "filling 
out." The data of this section of Table o. 1, indicate that 
whenever the larger part of the water was applied early in the 
sea on, between the opening of the irrigation seaSOn and the 
time of " filling out" , the returns were greatest. When the 
irrigation water was divided into three irrigations, the yield 
fell; though not o-reatly, when a 5-inch irrigation came earl y 
in the season or at the time of " filling ·out." The straw did not 
vary in the same way. Whether two or three irrigations were 
applied did not seem to affect much the production of straw, 
'nor did the order of their application. A study of this section 
of Table No.1, makes it clear that with 10 inches of water ·1 
proper distribution may result in bringing more of the stalk 
materials into the seeds, though the total yield of dry mat-
ter is not affected materially. In another case, 10 inches 
were used, annually, luring the period of four years. The 
average results were practi.cally the same as those in the 
preceding c:;ection. When two equal irrigations were used 
the largest yield of grain was obtained; when the lightest 
irrigation came first, the next largest was obtained. Again 
the question of the yield of grain was apparently one of ap-
plying water at a time when the material stored in the 
stalks could be 'carried into the grain. When the water was 
applied in three equal irrigations or in two unequal irri-
gations, the heavy one first, the y ields were smallest. In 
this section of Table No.1, the y.ield of straw is the largest 
v\ hen the yield of grai!1 is next to the smallest. 
I t may be observed that, when 10 inches are applied 
1 n three irrigations, the third irrigation is thrown quite laj-e 
In the season, toward August, the time of ripening. This 
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means that the third 'irrigation is usually applied after the 
time of active growth, a period when little or no water is 
needed. 
With 15 inches of water, which even if divided into three , 
irrigations, result in comparatively large single applications, 
the best return of grain came when one-fourth of the totll 
was applied in each of the first two irrigations; and the 
remaining half in a third irrigation. The smallest yield of 
grain came when the water was applied in three equal irrI-
gations. ' It is somewhat difficult to interpret the results 
with 15 inches of water, since under such conditions the plant 
has perhaps more water than it needs. It is noticeable, how-
ever, that the straw remains practically constant, under the 
three methods of distribution, the differences falling almo~t 
entirely upon the grain. This again confirms the view that 
the main result of varying the distribution of water with 
wheat is to make possible a more ready transfer of materials 
from the roots and stalks to the heads. 
In the case of oats, one serie~ of experiments is on reco;d 
in which 15 inches of water were applied. In one instance 
three equal irrigations were employed, and in the other, two 
equal irrigations. The first method of application gave the 
larger yields of grain and straw. Throughout the experi-
ments with wheat and oats it appears that whenever the soil 
was kept approxim,ately in uniform condition with respect 
to moisture, from the beginning of the irrigation season un-
til the later stages of the plant's growth, the total yield of 
dry matter was the largest. Such a manner of distribution 
is probably the key to the proper utilization of water in irri-
gation. 
In Table No.2 the data are given concerning corn. When 
the minimum quantity of 7.5 inches were appli~d, two irri-
gations gave the best returns of grain per acre, but at the 
expense of the stover. Apparently, then, dividing 7.5 inch(~s 
int9 two irrigations gave the plant greater power to transfer 
nutritive materials from the stalks, leaves, and roots into 
the grain. 
TABLE NO.2. 
THE EFFECT OF THE DISTRIBUTION OF IRRIGATION WATER ON THE PRODUCTION 
OF CORN. 
Distribution of trrigation Water. 
(Acre-Inches.) 
I 
Dry Matter I Grain 
£ounds Bushels 
Per Acre. I P er Acre. 
With 7.5 Inches (One Year). 
One i~ri~·ati?n-(7.5) -------:--------------1 T wo lrngatlOns- (3.75 - 3.75) ____________ _ 12391 14947 91.85 101.64 
With 15 Inches (Two Years). 
Three irrigations-(2.5 ; 5.0 ; 7.5) __________ 1 
Three irrigations- (7.5 ; 5.0; 2.5 ) _________ _ 
12812 
14772 
14483 
97.69 
117.18 
112.23 Three irrigations- (5.0 ; 5.0 ; 5.0) ________ ~_ I 
------~------~----
V\Tith 25 Inches (One Year) . 
Stover 
Pounds 
Per Acre. 
7958 
7141 
8064 
9026 
9008 
Ratio Ibs. 
Grain Per Cent 
for one lb. Grain. 
Stover. 
0.69 
1.27 
0.73 
0.78 
0.75 
40.83 
55.95 
42.19 
43.80 
42.86 
:~ve ~rr~gat~ons- (2.5 : 3.5: 5.0: 6.5 : 7.5) ____ I 9112 76.;9 5~97 0.87 46.52 
FIve lrngatlons- (7.5 , 6.5 , 5.0 , 3.5 , 2.5) ____ 9004 75._9 5_70 0.86 ~~~ 
..... 
W 
N 
to 
e 
t"'4 
t"'4 
tr1 
t-3 
I-f 
Z 
..... 
00 
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With 15 inches of water applied in three irrigations the 
largest ret~lrns were obtained when five-sixths of the tot1.l 
water was used in the first two irrigations . The next large~t 
yield of grain was obtained when the water was applied in 
three equal irrigations. The smallest yield of grain resulted 
when half of the water was applied in the third irrigation. 
That is to say, a large quantity of water applied toward 
the end df the season does not show the same vaiue as whea 
used earlier. This is reasonable, since at the time that 
the irrigation season begins, ,and for six weeks or 
two months thereafter, the heaviest growth of corn oc-
curs. At the ordinary time of 0 applying the third irri-
gation, much of the work has been done and the crop is pre-
paring for the resting period. This belief agrees with the 
findings for wheat. In the study of the soil moisture it was 
shown clearly that in August or September the corn plant 
uses less water per day than during the preceding 0 montns.* 
The highest temperature is in July and the fore part 'Jf 
August, but from then on the water dissipating ~actors dim-
inish in intensity. 
When twenty-five oinches of water were applied in five 
irrigations, it made little or no difference whether the 
heaviest irrigation came first or last, because each ap-
plication was of itself fairly large and sufficed for the need 
of the plant during its maximum growth. There was a dif-
ference of only about 1.5 bushels of grain by reversing 
the order of irrigations ; and the pounds of stover were vir-
tually the same under the two conditions. 
Wheat, oats and corn, which are related crops, tend 1"0 
show similar results, naqlely, that foro the best total yield 
the water should be so applied °as to keep the soil approxi-
mately equally moist throughout the season. With a very 
small annual supply, two irrigations are better than one. 
Three may lead to a °dissipation of the producing- power of 
the water. These crops also agree in demanding a fair irri-
gation at the time when the seed is in process of formation . 
The more liberally water is applied at this time, without 
*Utah Station Bulletin No. 115. 
134 BULLETIN 118 
diminishing too rapidly thereafter, the larger the yield of 
grain, which is usually obtained at the expense of the straw. 
For the small grains, two irrigations appear to be sufficient ; 
for corn, three perhap~ are fully as good as four. 
The r'esults of the study of the best distribution of w ater 
for sugar beets are found in Tables No.3, No. 4 and N u. 
S. The sugar beet crop is one of the most importa!1t of the 
TABLE NO.3. 
THE EFFECT OF THE DISTRIBUTION OF IRRIGA-
TION WATER ON THE PRODUCTION OF 
SUGAR BEETS. 
Number of Irrigations Pe~A~re Number of Irrigations I Pe~A~re 
With 10.0 Inches. 
Two irrigation~ _____ 1 27.95 jTwo irrigations _____ 1 
Three irrigations ___ I 26.85 Four irrigations ____ I 
, With 12.5 Inches. 
Two irrigations _____ 1 26.05 I 
Three irrigations ___ I 27.15 
\tVith 15.0 Inches. 
Three irrigations ___ I 25.26 jFour irrigations ____ I 
Four irrigations ____ I 25.62 Six irrigations _____ 1 
21.61 
24.16 
14.62 
15.34 
crops of the irrigated section. The time between seeding 
and harvest extends from about the middle of 1\1ay un-
til about the middle of November. The common opinion 
prevails that beets should be irrigated throughout the w hole 
of this long .period. Especially is it thought by the prac-
tical farmer that late irrigations add materially to the tot~l 
yield of the crop. The sugar factories hold that beets irri-
gated late in the seaso~ contain a smaller per cent of sugar , 
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and that the crop is otherwise undesirably affected. Table 
No.3 shows that, with one e~ception, the greater the number 
of irrigations, though the total quantity of water remains the 
same, the larger the yield of sugar beets. The differences are 
not large but certainly sufficient to pay abundantly forthelabor 
of the extra Irngations. The smaller the total quantity of 
\'\ ater used, the fewer, naturally, may be the number " f 
applications. It may be safe to say that w hen the tobl 
amount of water is 15 inches, four irrigations are probably all 
that hould be used, and three irrigations would g ive very 
nearly the same result. 
TABLE NO.4. 
THE EFFECT OF THE TIME DISTRIBUTION OF IR-
RIGATION WATER ON THE PRODUCTION OF 
SUGAR BEETS. 
ere-Inches of Water Applied in 
T otal Yield 
June July Augu st September 
1)1 12.48 I : 2.50 16.09 16.82 
1.11 7.49 I 7.50 16.10 17.93 
6. ::0 I 12.00 1.50 20.00 26.93 
4.50 I 10.50 5.00 20.00 26.48 
1.25 6.80 I 14.80 2.00 24.87 16.73 
1.11 9.93 I 10.00 2.66 23.70 19.48 
1.11 18.51 I 7.54 1.97 29.13 17.76 
1.11 16.57 I 9.99 2.60 30.27 21.02 
1.11 10.19 I 10.09 9.52 30.91 17.55 
In Table No.4, another set of experiments are summar-
ized. The intention of the experiments was to show the 
periods of the growing season during which most water 
should be applied. A study of this table reveals .the import-
ance of applying water during July and August, and also 
the inferiority of the September irrigations. It would appear 
that July is the month when mos t of the water should be 
applied to a beet field, with August application following very 
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closely in value, while in September a very small amount, in-
deed, suffices to maintain growth. In one case, where 30 inches 
of water were applied to three different sets of plats, it was 
found that in September less than 2 inches of water appeared 
to be. ample, provided sufficient quantities had been em-
ployed during July and August. The evidence of this table 
is that during these two months the soil should be kept uni-
formly moist. 
In Table No.5, similar results are presented from a 
different series of experiments. A number of sugar beet 
plats were treated alike, ex'cept that some received similar 
and some varying quantities of water weekly, bi-weekly or 
TABLE NO.5. 
THE E F FECT OF THE DISTRIBUTION OF WATER 
ON T H E YIELD OF SUGAR BEETS. 
Total 
WIater Number Tons Manner of Application. Applied of Irriga- Per Acre. (Acre tions. 
Inches ) . 
5.00 inches weekly ------------1 46.70 1 10 16.95 
7.50 inches bi-weekly 
---------1 33.51 1 5 17.27 
3.00 inches bi-weekly 
---------1 30.27 1 6 21.02 
5.00 inches bi-weekly (to Oct. 15) I 30.92 I 6 17.55 
3.75 inches bi-weekly ---- ... -----1 29.13 l 6 17.76 
2.5 inches weekly ______ __ ____ 1 32.50 1 13 19.67 3.75 inches weekly ____ , _______ __ 1 48.75 I 13 19.36 
2.50 inches bi-weekly 
---------1 15.00 1 6 15.21 
2.50 inches bi-weekly (to Oct. 15) 1 .15.00 1 6 15.46 
monthly. As shown in the first section, 5 inches of water 
applied every two weeks yielded a larger harvest than did 7.5 
inches applied similarly or 5 inches applied weekly. Less 
than 5 inches applied weekly tended to diminish the yield 
somewhat. Continuing the weekly 5-ipch irrigations till 
October 15th, the total yield was somewhat decreased. It 
would seem that 5 inches of water, a liberal irrigation, ap-
plied bi-weekly, making about six applications during 
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the season, is sufficient to produce large and pos-
sibly maximum crops of beets. .The second section of Table 
o. 5 attempts to show the best use of very small irriga-
tions. The ' amounts varied from 2.5 to 3.75 inches at eacli 
irrigation. Under these conditions it was found that 2.5 
inches, or 3.75 inches applied weekly resulted in larger yields 
than the same amounts applied bi-weekly-even though the 
irrigations were continued until October 15th. 
In other words; there is a quantity of water, which ap-
plied every two weeks, will tend to keep the soil in the 
best .moisture condition for the production of satisfactory 
crops of sugar beets. Under the conditions pn;vailing i. n 
Logan, 5 inches applied every other week, appears to be the 
best practice. If more is used, it is still advisable to apply the 
water a"t least bi-weekly, for if longer periods elapse a seri-
ous drying out of the soil may occur. On the other hand, 
if less than 5 inches are used diminution in the crop yield 
will be the result. .The smaller the irrigations the more fre-
quently should they be a"pplied. It is clear that, ordinarily, 
the farmer who has at his disposal a fair supply <?f water, 
need not, and probably should not, apply that water weekly. 
Rather, the plant should be allowed to drain the soil thor-
oughly of water before a new irrigation is applied. 
In table No.6, are shown results obtained with carrots. 
Practically the same conclusion as those found with sugar 
beets may be drawn with reference to this crop. When water 
was applied in 5-inch irrigations every two weeks the larg-
est yield of carrots was obtained. When more or less water 
was used in each irrigation the yield was diminished. The 
c; mallest yield came when 7.5 inches were applied monthly. 
In all these investigations it is to be remembered that the 
various quantities of water used will not necessarily give 
similar results on soils differing from that of the Greenville 
Farm. However the differences are not great. 
For all root crops, we may say that the more water that 
is to be applied throughout the season, the less frequent 
need be the applications. It may be noticed that t~e best 
yield of -carrots, a long season crop, was obtained when 
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only seven irrigations were used. In the case of sugar beets 
the best results were obtained when only six irrigations were 
used. It is also to be recalled that a good crop of carrots 
was obtained with only 4 irrigations ; and of sugar beets 
with only 2 irrigations. 
TABLE NO.6. 
THE EFFECT OF THE DISTRIBUTION OF WATER 
ON THE YIELD OF CARROTS. 
I Number Total Yield Frequency and Amounts of 
of ~rnga- Water Pounds 
. Irrigatioos. Applied I ho.ns. (Acre-In.) per Acre. 
I rrigation monthly (7.5 in.) ___ I 4 1 30.0 1 38,638 
Irrigation bi-weekly (7.5 in .) ___ I 7 1 50.0 1 55,848 
Irrigation bi-weekly (5.0 in .) __ 1 7 1 35.0 1 60,127 
Irrigation weekly (5.0 in.) __ 1 13 
· 1 65 .0 1 53,188 
Irrigation weekly (2.5 in.) ___ I 14 1 32.5 I 56,001 
I rrigation bi-weekly (1.375 in.) - - I 25 1 35.7 1 46,830 
Several interesting experiments were performed with po-
tatoes, another important irrigation crop. Some .of the results 
obtained are found in Table No.7. "\ ith water, varying 
from 5 to 15 inches throughout the season. it seemed that 
the largest yields of marketable potatoes were obtained when 
each irrigation measured approximately 5 inches_ That 1S, 
with a total 5-inch irrigation, one application gave the best 
r~sult; w ith 10 inches, two applications, and with 15 between 
three and four applications. When 2'0 inches were used for 
the season, it seemed immaterial whether four or six irriga-
tions were used, though the latter number gave a slight in-
crease. T his may be interpreted if it is remembered that 
with six applications, the successive irrigations were quite 
near each other. It may be said, that when 15 inches are 
used, from three to four irrigations, of 4 and 5 . inches 
each are the best . The view that potatoes should receive 
frequent small irrigations has been based on results obtained 
in .1901 on t1:le shallow soil of the College Farm, which re-
quired freq uent light irrigations to maintain a suitable de-
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gree of moisture. The water holding power of the deep 
soil of the Greenville Farm is very much greater, and 
more water can be applied at anyone time, making fewer ap-
plications necessary. On such land if a sufficient quantity 
of water is used at each irrigation it may be applied in com-
paratively few irrigations for the production of a good crop 
of potatoes. 
TABLE NO.7. 
THE EFFECT OF DISTRIBUTION OF WATER UPON 
THE YIELD OF POTATOES. 
N umber of Irrigations 
During the Season. 
Bushels 
Total. 
With 5 Inches. 
One irrigation ----------------1 
Two irrigations _______________ 1 
229 
127 
With 10 Inches. 
Two irrigations _______________ 1 
Three irrigations ______________ 1 
Five irrigations _______ , ________ 1 
276 
293 
162 
Bushels 
Market-
able. 
123.19 
102.19 
154.60 
143.62 
130.31 
Per Cent 
Mark et-
able. 
53.84 
80.68 
56.05 
48.95 
80.36 
--------------------------------
With 15 Inches. 
Three irrigations ______________ 1 
Four irrigations ______________ 1 
Five irrigations _______ ________ 1 
254 I 170.19 
323 1 262.20 
' 182 I' 149.96 
With 20 Inches. 
Four irrigations ______________ 1 
IX irrigations ____________ ____ 1 
370 
386 
331.90 
353.12 
66.93 
81.23 
82.29 
89.65 
91.58 
Lucern, the kirig of irrigated crops, must be wa'ter'eri 
with reference to the number and time of the cutting. On 
the experimental farm three crops were obtained annually. 
The query, should the first , irrigation occur just befort or 
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after the cutting of each crop, in order to obtain the largest 
yield, is not infrequently heard. In an attempt to answer 
this important question a number of tests were made, the sum-
mary of which is found in Table No.8. 
One set of plats was a~ways irrigated just before cutting 
the first and the second crop, and again fifteen days after 
each cutting. Another set was irrigated just after cutting the 
first and the second crops and again fifteen days after eacb 
cutting. With the former method, the first crop was in-
creased about 200 pounds, the yields. from the second crops 
remaining practically identical under either method ; and the 
TABLE NO.8. 
THE EFFECT OF THE TIME OF APPLYING WATER 
ON THE YIELD OF LUCERN. 
(Yields in Pounds per Acre.) 
With 25 Inches of Water in Four Equal Irrigations. 
Time of Application. 
Irrigated just before cutting 1stl 
and 2nd c'rops and 15 days 
after each cutting ____________ 
Irrigated just after cutting 1stl 
and 2nd crops and 15 daysl 
1st 
Crop. 
4144 
2nd 3rd Total Crop. Crop. 
I I 
348412570 1 10,198 
after each cutting ____________ 1 3932 3474 2729 10,135 
third crop being slightly larger when irrigation was performed 
immediately after the cutting of the previous "stand". The 
urn of the three crops, obtained under both methods of irri-
gation, was practically the same. The net result of these 
tests, which extended over a number of years and were 
carried on with a great deal of care, is that so far as annual 
yields are concerned, it matters little whether the irrigations 
are applied immediately before or just after each cutting . 
If, as is often held, a ton of the first crop is more valuable 
than a similar amount of the others, it may pay to irrigate 
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just before the cutting of that crop, so that it can get the 
first benefit of the water. The belief that the time of irrigat-
ing, either before or after a cutting, exercises a very deep 
influence upon the total yield of hay, seems to be without 
foundation . 
Cabbage and onions were also examined, giying the re-
sults shown in Tables No. 9 and No. 10. The largest total 
yield of cabbage was obtajned when 2.5 inches of water were 
TABLE NO.9. 
THE EFFECT OF THE DISTRIBUTION OF WATER 
ON THE YIELD OF CABBAGE. 
Total Large Small Irrigation Number Plants Plants Manner of Application. water of Appli- Pounds Pounds Applied cations. Per Acre. Per Acre. (Inches). 
2.5 inches weekly ------1 35.00 14 16446 1 1009 
5.0 inches weekly ------1 70.00 14 13633 I 1712 
2.5 inches semi-monthlyl 17.50 7 9843 I 61 
5.0 inches semi-monthlyl 32.99 7 11677 I 734 
7.5 inches monthly _____ 1 31.94 4 5441 I 
TABLE NO. 10. 
THE EFFECT OF THE DISTRIBUTION OF WATER 
ON THE YIELD OF ONIONS. 
Total Yield of Irrigation Number of Onions Manner of Application. Water Applica- (Pounds Applied tions. 
(Acre-In.) Per Acre) 
1.375 inches, semi-weekly _______ 1 43.37 I 25 46546 
2.5 inches, weekly _____________ 1 32.50 I 13 41939 5.0 inches, weekly ______________ 1 65.00 1 13 44585 
2.05 inch~s, semi-monthly __ ~ ___ I 17.50 1 7 22804 5.0 inches, semi-monthly _____ __ 1 35.00 1 7 35581 7.5 inches, month1y ____________ 1 27.50 1 4 12900 
1.0 inch weekly --------- ------1 14.00 I 14 14650 
2.5 inches weekly _____________ -1 35.00 1 14 14652 5.0 inches semi-monthly _____ ___ 1 35.00 I · 7 20660 
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applied weekly; but the largest return per acre-inch of water 
'Came from a bi-weekly application of 2.5 inches. The use 
of larger quantities at each irrigation did not increase the 
yield. 
The largest yield of onions resulted from 1.38 inches ap-
plied semi-weekly; the next largest, when 5 inches were ap-
plied weekly. The largest return per acre-inch occurred when 
2.5 inches were applied bi-weekly, as iri the case of cab-
bage. In another series of experiments, 5 inches applied bi-
weekly gave a larger crop than 2.5 inches applied weekly. 
This result is practically the same as that of the first eries 
o f experiments. 
Onions and cabbage are crops that require a continu,-
o u ly ni.oist soil. In dealing with such crops, treatments lead-
ing to frequent dry periods succeed~d by wet ones should 
be avoided. A steady supply of moisture throughout the 
season appear to be the paramount requirement for the fuil 
development of the marketable parts of these crops. 
The ~esults obtained in the study of the proper time to 
apply , irrigation water are of great ~nterest, With wh'eat, 
oat 1 corn, and related plants, it is of first importance that 
water be applied when the grain is "filling out," so that the 
nutritive materials found \n the roots, stalks and leaves may 
be carried readily .to the s.eed and there elaborated into more 
useful tissue. Again it is quite important to apply the water 
in the earlier and medium, rather than in the later stages 
of growt~. I 
, With : sugar beets a'nd carrots, the best returns were ub-
tained inya'riablY when ' the water was applied in July and 
August, the two moriths' ·of mo t sunshine and best growing 
weather. I The late : applications which are held in such high 
estee.m, di'd not app~ar to produce any material increase in the 
total yiel4 of root crops. In fact, in one or two cases, there 
appeared to be a diminution as a result of such watering. 
In ' view of this, it I sh0uld perhaps be urged that every pre-
caution should be taken 'to permjt the plant during July and 
August, to carryon vigorously the process of carbon assimila-, 
tion" __ The materials t~a~ are taken from the atmosphere may 
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be stored temporarily in the leaves and stalks and then grad-
ually passed into the roots. Further, irrigations applied every 
two weeks, gave better results than when applied at any other 
intervals, and 5-inch applications seemed to be the best 
amounts to use. 
Potatoes behaved very much as did the root crops. W ith 
lucern, as far as · the total yield was concerned, it was shown 
to be of little moment whether the water was applied just 
before or after each cutting, but that there was a tendency, 
\;yhen the water was applied just before cutting, to increase 
slightly the yield of that particular crop. Satisfactory yields 
·of cabbage and onions seemed to depei1d more largely upon 
frequ ency of irrigation. 
In the study of the movements of soil moisture · in irri-
o·ated soils, it was shown definitely that the amount of water 
used on a given area of cropped soil, depended primarily upon 
the amount of water in the ·soil. . The more water there was 
in the soil the more rapidly was it used down to cl ~ertaln 
limit, beyond which, the plant found it diffic\Jlt to secure 
moisture.* The farmer must add sufficient water to insure 
the soil's remaining well above this point of slow capillary 
motion, yet not so much as to increase, unduly! the loss by 
transpiration. When the water content of a soil has been re-
.duced by plants, until the farmer feels that it needs irriga-
tion, practically twelve per cent of water is found in the so.il 
u ed in these experiments. When the farmer irrigates ';0 
thoroughly that the water passes to the full depth of the 
plant roots (about 10 feet) this point seemed, under the pre-
ailing experimental conditions, to be reached within about 
two weeks . The total amount of water used is mOre ef-
fective .than the tim~ of application in varying the plant yield. 
III. THE MANNER OF APPLICATION. 
With a given supply of irrigation water, even when the 
time of using has been decided upon, the question contin-
* tah Station Bulletin, 115. 
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ually arises concerning the best method of applying it. Ther-e 
are three established methods of applying irrigation water. 
The first, and perhaps the most satisfactory, is sub-irrigation. 
To accomplish this a system of pipes with holes at proper 
intervals through which the water enters the soil, may be 
placed beneath the surface, or, under certain natural condi-
tions, a layer of clay or hardpan underlying a light sandy or 
loamy soil may serve to retain the moisture within reach of 
the plant roots. In the latter case the water passes in a ditch 
along the edges of the field, penetrates the loose top soil and 
moves along the impervious layer throughout the whole ex-
tent of the farm. Sub-surface irrigation is advantageous, pri-
marily, because there is no loss by direct evaporation. It i;5, 
however, a method of very limited application. If the pipes 
are laid underground the outlets soon become clogged with 
plant roots, thereby necessitating extra attention. As for the 
natural condition that perm.its of subirrigation, it OC'curs very 
seldom and, therefore, cannot be of wide application. 
Surface irrigation, the usual method of applying water, 
falls into two distinct submethods: by means of flooding, and 
by use of furrows. ' In the former case the water is spread 
over the whole field until the soil is completely covered. In 
the latter, furrows are made in the soil and the water turned 
into them . In one case the water descends into the soil from 
every point of the' surface; in the other it ·radiates fro~ the 
furrows. 
The chief objection to surface irrigation is that while the 
water is being applied to the surface, and while it is soaking 
into the soil, evaporation occurs first from the water lay~r 
and next from the moist top soil. This cannot, by any known 
means, be wholly prevented. When the ground is shaded by 
plants and the air movements are not too strong, the atmosphere · 
immediately above the soil becomes thoroughly saturated with 
water and thus further evaporation is retarded. However, 
under all ordinary conditions, a large proportion of the vv:ater 
applied in surface irrigation is lost by direct evaporation. In 
theory, irrigation by furrowing should be the more desirable 
method because the water covers only half (or less) as much 
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ground surface as in flooding. It is therefore very generally 
taught that for the -use of a definite· quantity of water, fur-
rowing is much more economical than flooding. 
In the experiments -conducted on this subject the rows 
were about 3 feet apart and the furrows midway between ; 
that is, the edges of the furrows were approximately one foot 
from -the row on either side, and the furrows were approxi-
mately 3 feet apart. Water was let down the furrows at 
such a rate that it all soaked into the soil; none was lost by 
running off. If any water by chance passed beyond the plat, 
it was diverted into a tank and carefully measured. The 
data refer to water actually placed in the soil, whether by 
furrowing or by flooding. 
In Table No. 11, will be -found, summarized, the results 
of the work with corn, wheat, potatoes and cabbage. Some 
work was done on other crops with practically the same re-
sults as those found in Table No. 11. Excepting a very few 
instances, flooding with a given amount of water, yielded bet-
ter results than furrowing. 
When corn was grown with 7.5 inches. of irrigation water, 
furrowing yielded slightly more dry matter, but the grain 
and the stover, as harvested, were larger with flooding than 
with furrowing. With 15, 20 and 25 inches flooding, likewise, 
produced more dry matter than did furrowing. I t is fairly 
safe to say, therefore, that corn under the conditions of the 
Greenville Farm, will produce, with a given quantity of irri-
gation water, more dry matter, as well as corn and 
stover, when the water is applied by flooding. The varia-
tion in yields due to the difference in the methods of ap-
plication are not large-ranging between 8 and 15 per cent-
but are probably more than sufficient, however, to establish 
the value of flooding over furrowing, especially when one 
considers that by the former -method, furrowing is unneces-
ary and further, that flooding is not much more difficult 
than ft1rro~ irrigation. 
Wheat showed practically the same results. In every in-
stance, with 10, 15 and 25 inches, annually, more dry matter 
was produced by flooding than by furrowing. The grain 
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and the straw likewise increased . Oats manifested a slightly 
different behavior. With 5 inches of irrigation water the dry 
matter obtained with furrowing was slightly higher (about 2 
per cent) than that obtained with flooding. For 10 and 15 
inches the yield of dry matter was larger with flooding than 
with furrowing. With 5 and 10 inches, the yield Gf grain 
was larger with furrowing; with 15 inches, the reverSe held 
true. The straw was always higher by flooding. All in all , 
oats, corn and wheat with a given quantity of water, agree 
in showing the superiority of flo'oding over furrowing in 
producing dry matter. 
The potato crop showed, however, a more definite lean-
ing toward furrowing. With 13 inches of water the yields 
of dry matter obtained by both methods were practically 
identical; with 20 inches there was a strong gain in favor 
of furrowing, but with 60 inches the yield was larger when 
flooding was employed. It would seem then, that for pota-
toes furrowing was at least as beneficial if not more so than 
flooding. The yields in bushels of potatoes showed prac-
tically the same results, the differences being smaller. Cab-
bage, likewise, indicated that furrowing was slightly better 
than flooding. 
The data at hand and .reported in Table o. 11 sug-
gests that cultivated crops may be irrigated by the furrow 
method without much, if any, loss in productive power; 
whereas non-cultivated crop would better be flooded. The;e 
may be reasons for th;s which have not yet been identified. 
Water passing through a soil undoubtedly causes many bene-
ficial changes. When the water covers only a part of the 
soil, as in furrow irrigation, these changes are accomplished 
in only the portions ' over which the water moves. In a cul-
tivated crop, however, the entire surface soil is thoroughly 
stirred, and it may be that this tillage can take the place .)f 
repeated fl oodings. This is merely offered as a suggestion. 
F urther work is necessary to test the correctness of this 
VIew. 
I t may be safely said, that, as far as can be determined 
by the work her~ reported, flooding is superior for the grain 
TABLE NO. 11. 
THE EFFECT OF FLOODING VS. FURROWING UPON THE YIELD OF CROPS. 
Stover Depth OIf Number Method Dry Matter Grain 
or Str'aw Ratio. Water Years of Pounds Bushels Pounds Applied of Application. Per Acre. P er Acre. P er Acre (Inches) . Trial. 
CORN 
I Flooding I 10492 118.6 8301 1.73 
7.5 One I Furrowing I 11310 88.5 7010 .93 
I Difference I -818 30.1 1291 
I Flooding- I 11272 95.9 8.388 1.25 
15.0 Three I Furrowing r 9409 98.5 6843 1.50 
. I Difference I 1863 -2.6 1745 
I Flooding I 12793 120.0 8071 1.03 
20.0 Three I Furrowing I 11561 108.2 7351 1.06 
I, Difference 1 1232 11.8 720 
I Flooding- 1 13273 116.4 7503 .83 
55.0 Two 1 Furrowing I 12292 108.6 6596 .90 
I Difference T 981 7.8 907 
n 
:;0 
o 
too 
' too 
:;0 
o 
t) 
C 
n 
Z 
CJ 
too 
o 
~ 
tr1 
:;0 
o 
~ 
~ 
:;0 
2} 
:> 
.., 
(3 
Z 
~ 
:> 
.., 
tr1 
:;0 
~ 
'-i 

POTATOES 
Depth of Number Method Water Years Dry Matter 
Applied of of Pounds 
(Inches) . Trial. Application Per Acre. 
Flooding- I 4191 
15.0 One I · Furrowing 1 4437 
Difference I. -246 
Flooding- I 5500 
20.0 Two Furrowing I 7254 
Difference I -1754 
Flooding- 1 9720 
60.0 One Furrowing I 8820 
Difference T 900 
CABBAGE 
Flooding-
18.0 One Furrowing 
Difference 
Flooding 
35.0 One Furrowing 
Difference 
Tubers 
Bushels 
Per Acre). 
315.0 
302.0 
13.0 
306.0 
403.0 
-97.0 
540.0 
490.0 
50.0 
1 
1 
I 
~
14933 I 
15789 I 
-856 I 
Vines 
(Pounds 
Per Acre). 
296 
268 
28 
267 
'379 
-112 
486 
458 
28.0 
24560 
27828 
-3268 
14061 
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-230 
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crops, and furro,wing only very slightly advantageous for 
potatoes and the garden crops. . The difference in the pro-
ductive ' power of water when applied in different ways, i.s 
not so great as has been held in the past. It is not at all 
unlikely that in these experiments the good effects of the 
thorough stirring of the soil have so changed conditions, espe-
cially with potatoes and cabbage, as to overshadow the effect 
due to the difference in method of applying the water. 
The highest value of furrow irrigation is found, un-
doubte~ly, in districts with a limited water supply. By fur-
rowing, small quantities of water may be made to serve larger 
areas of ground. With a given natural precipitation, larger 
returns will be obtained if the sm9-11 available quantity of irri-
gation water is made available for a rather large area of land. 
It may, therefore, be said, that localities w ith a plentiful water 
supply, the furrow method 'is less necessary than where water 
is scarce. In regions of abundant water, flooding may be 
used whenever it appears to be labor saving. Where the 
water .supply is small, furrowing will probably always be 
found most profitable. It must be admitted that these results 
came quite unexpectedly to the investigators, for it was firmly 
believed that the furrow method possessed great superiority 
over the flooding method in making the best use of a definite 
quantity of ~rrigation water. 
IV. CULTIVATION. 
Cultivation, or the stirring of the top-soil, has long been 
considered an important practi.ce for conserving soil water. 
Numerous experiments have demonstrated that the re-
tention of the moisture is due to the soil mulch preventing 
surface evaporation. By this Station it has been shown fur-
ther that stirring the top soil permits the plant to produce 
dry matter at a smaller water cost.* The .experiments herein 
recorded are unique in that they seek to establish the value 
of cultivation in producing dry matter, under field condi-
tions. The data obtained are summarized in Table No. 12. 
*Utah Station Bulletin No. 105, 
TABLE No. 12. 
THE EFFECT OF CULTIVATION UPON THE PRODUCTIVE POWER OF IRRIGATION 
WATER. 
Cultivation. 
Water Number 1-' --------,.-=2-nd.....----;D;:::--ay-=; - -I 4th Day; 
Applied 0.£ N one. then then 
(Inches). Irrigations. Weekly. . i Weekly. 
20 
20 
20 
20 
20 
20 
20 
4 
4 
4 
4 
4 
4 
4 
CORN. 
Dry matter (lbs. per acre ) I 13552.00 
Grain, bushels ___ ~ ___ ____ 102.02 
. Stover, pounds ________ __ I 8169.00 
Ratio __________ ___ ______ 1 0. 73 
POTATOES. 
'1 Dry matter (lbs. per acre ) I 
Bushels of marketable ___ _ 
Per -cent marketable _____ I' 
6006.00 
285.00 
85.2 
14205.00 
115.52 
9671.00 
0.69 
5902.00 
323.00 
89.5 
15274.00 
111.05 
9381.00 
0.68 
593 1.00 
297.00 
90.4 
7th Day ; 
then 
Weekly. 
13809.00 
100.14 
8433.00 
0.70 
6262.00 
. 318.00 
91.4 
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Before studying this table it should be noted that the 
soil of the Greenville F arm contains large quantities of car-
bonate of lime and of magnesia, which give it the property ')f 
crumbling when a certain degree of dryness has been a~­
tained. Vegetation house experiments have shown that this 
soil differs from many others in that cultivation, unless :t 
is very deep, is not more effective than this natural mulching 
in preventing evaporation of soil moisture. The data ob-
tained in these investigations represent, therefore, minimu·.n 
effects of cultivation. 
In the cultivation tests, corn and potatoes, each recei v-
ing 20 inches of water, were grown. It is to be regretted 
that tests were not conducted with smaller quantities of 
water when, und0ubtedly, the effects of cultivation would 
have been much more marked. As it was, an abundance of 
water was applied to the plants and but little cultivation was 
needed to conserve the moisture, so far as the production of 
the ·crop was concerned. 
1n every instance, the cultivated corn plats yielded mo':e 
dry matter than those that w ere not cultivated. The largest 
'y ield was obtained when the first cultivation occurred four 
days after irrigation and weekly thereafter: the next larg-
est yield, when the first cultivation occurr"d the second day 
after irrigation and then weekly; and the smallest yield; when 
the first cultivation occurred the seventh day after irrigation 
and then weekly. That is, when cultivation oc·curred too soon 
after an irrigation the soil did not pulverize properly but tend-
ed to puddle, and a poor soil mulch resulted. Likewise when 
too long a ,time, as sev~n days, e1ap~ed before the first cul-
tivation there was a distinct loss in the yield of dry matter, 
Practically the same variation was observed in the grain and 
stover produced, though the plats cultivated the sec'Ond day 
after irrigation yielded more bushels of grain and pounds cf 
stover per acre tha'n those cultivated either on the fourth or 
those cultivated on the seventh day after irrigation. The 
time for the first cultivation seems to be very important. 
Following each irrigation it should be perfqrmed immediately 
after the danger of puddling the soil is past. The experi-
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ments on the movem'ents of soil water have shown that a 
very large proportion of the irrigation water is lost within 
the first few days after the appli.cation. * 
With potatoes, results similar to those with corn were . 
obtained, except that the yield on non-cultivated plats were 
relatively higher. This is to be explained, no doubt, by the 
peculiar nature of the Greenville soil. Of the cultivated plats, 
the one receiving the treatment the second day after irrigCi-
tion, yielded the largest number of bushels of potatoes, fol-
lowed by ' that cultivated the seventh day after irrigation, the 
plat cultivated the fourth day after irrigation giving the 
smallest returns. The differenc'es in any case were not great. 
In the production of dry matter the plat cultivated the seventh 
clay after irrigation led, followed by the plats cultivated on 
the fourth and second days, respectively. 
The corn plat, with no ·cultivation at all, yielded the 
largest percentage of grai.n, while the potato plat given sim-
ilar treatment yielded the smallest per ce.nt of marketable tub-
ers. . As the first cultivation was delayed, the per cent of 
grain in corn was increased, and the per cent of marketable 
potatoes was increased. These variations on the cultivated 
plats are small and may be within experimental error. 
The subject of cultivation under field conditions should, 
however, be given 'Careful study. . 
v. THE AMOUNT OF SEED USED. 
It has often been suggested that the number of plants 
per unit of surface determines the amount of dry matter ob-
tained with a given quantity.of irrigatio~ water. Experi-
ments to test this view were begun in 1904 and continued 
for six years. In every case, the plan of the experiment 
. was to sow different amounts of seed wheat on plats other-
wise alike and to apply to these plats the same quantities of 
irrigation water throughout the season. (See Table No. 13.) 
In 1904, three series of plats were used, the first being 
seeded with four, the second with eight; and the third with 
*Utah Station Bulletin 115. 
TABLE NO. 13. 
THE INFLUENCE OF THE AMOUNT OF SEED USED ON YIELD OF WHEAT. 
Irrigaton Grain Straw Dry Matter Parts Grain 
Seed Used Per Acre. Water Applied (Bushels Pounds (Pounds for one 
(Acre-Inches ) Per Acre). (Per Acre). P er Acre). Part Straw. 
Experiments in 1904. • 
4 Pecks ----- ----- ---------- 15.00 43.92 2347 4648 1.07 8 Pecks ____________________ 1 15.00 42.82 3544 5775 0.67 
12 Pecks _____ _________ ___ ~--I 16.74 45.02 3716 . 5047 0.95 
Experiments in 1905. 
1 Peck _____________________ 1 15.00 40.85 3057 I 5158 0.78 2 Pe·cks __________ ~ _________ I 15.00 46.12 3612 I 5920 0.73 4 Pecks ____ ________ __ ___ ___ 1 18.72 51.58 3954 I 6563 0.75 8 Pecks ____________________ 1 15.00 46.12 4605 I ' 6891 0.58 12 Pecks ____________________ 1 13.00 45.24 4374 1 6608 0.59 
Experiments in 1906 and 1907. 
3 Pecks _____ ________ _______ 1 14.31 46.22 4071 6271 0.65 4 Pecks ___ _____ ____________ 1 15.52 45.82 -4127 6406 0.64 6 Pecks _____ __ _________ ____ 1 16.28 46.66 4180 6395 0.66 
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twelve pecks per acre . The dry matter was considerably high-
est on the plat that received two bushels, but the yield I)f 
grain and also that of straw ' was largest on the plat receiv-
. ing twelve pecks. 
In 1995; experiments were conducted on sets that re-
ceived, respectively, one, two, four, eight and twelve peck 
of seed per acre. The largest yield of dry matter was 'ob-
tained from the plat receiving eiO"ht pecks to the acre, the next 
largest from the plat receiving twelve pecks per acre, and the 
least from that receiving four pecks to the a'cre. The most 
grain was obtained with four pecks; the largest yield of straw 
from eight pecks. The per cent of the parts of grain to one 
part of straw decreased as the amount of seed increased. This 
was true also in the experiments of 1904. 
In 1906 and 1907 three sets of plats were used, receiving 
eed at the rate of three, four, and six pecks per acre, re::;-
pectively. The largest amount. of dry matter was obtaIned 
with four pecks; the largest yield of grain and' straw with 
six pecks. The parts of grain to one part of straw remained 
practically constant in the three sets. 
In all these experiments the ~mount of irrigation water 
for the year was in the neighborhood of 15 inches, an amount 
which when added to the soil water and rain fall made an 
abundance of available water. If less water had been used, 
the lighte~ sowings would no doubt have shown more benefi-
cial results: With 15 inches of water, undoubtedly, as good 
results may be obtained with twelve pecks as with four. Eight 
pecks is probably a good average. under the condition pre-
vailing at the Greenville Farm. 
The number of plants per unit area is probably, in genc-
ral, proportional to the number of seeds sown, but as indi-
cated by the yields of dry matter, the plants from different 
rates of seeding do not develop in the same way or to the 
same degree. When the plants are close together, stooling 
is not so vigorous nor does each individual plant acquire 
the same degree of stalk and leaf development. In the case 
of wheat there seems to be an automatic adaptation of plant 
to water and soil. The amount of water in the soil and tilC 
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soil itself are more important in determining the yield 'Ji 
dry matter than the amount of seed used. This explains 
many irregularities recorded in these irrigation bulletins. 
In connection with the question concerning the infl Ll-
ence of the atnount of seed upon the yield, the thought oc-
curred that bun:ching the seed might possibly lead to results 
differing from those obtained with uniform distribution. The 
experiments outlined in Table No. 13, all dealt with plats 011 
which the seed was sown by an ordinary press drill with all 
the seed tubes open. In another series of experiments, every 
other seed tube was closed, making the distance between the 
two adjoining rows twice as great as in the first series of 
experiments. The actual amount of seed per acre was, how-
ever, just the same, but there was twice as much in each 
row.* With three pecks of seed per acre, the largest yield d 
dry matter was obtained when all the seed tubes were open; 
with four and with six pecks per acre, respectively, the yield 
of dry matter was largest when every other seed tube was 
closed. The yield of grain varied as did the dry matter; 
but the yield of straw was. invariably larger when the alter-
nate seed tubes were closed. These data lead to the belief 
that, within certain limits, bunching the seed leads to better 
results than the more open distribution. 
This behavior is not easily explained. It may be sug-
gested that with rows farther apart, the roots can make a 
more cot;nplete lateral development. With rows very close 
together, the small roots from adjacent rows overlap and, 
perhaps, retard full development. Undoubtedly, doubling the 
amount of seed in a row makes such a matted growth vf 
. plants that many succumb, leaving only the more vigorous 
ones to utilize the soil moisture and other nutrients in their 
development. This subjec~, also, is of great importance under 
irriga~ed conditions and is worthy of more exhaustive in-
vestigation. 
(*See Table No. 14.) 
TABLE NO. 14. 
EFFECT OF CLOSE OR OPEN DISTRIBUTION OF SE ED ON YIELD OF WHEAT .. 
Condition of Feed Tubes Seed 
Irrigation Grain Straw Dry Matter P a rts Grain Water 
in Seeder. Used Applied (Bushels (Pounds ( P ound s for OJle Per Acre. (Acre-In.) P er Acre). P er Acre) . P er Acre). Part Straw. 
Alternates stopped __ -------1 3 Pecks I 16.31 I 46.11 . I 4809 I 6933 0.51 All open __________ _______ 1 3 Pecks I' I 54.02 I 3455 I 8095 0.5.3 
Difference ______ ___ ___ __ _ 1 I I -7.91 I + 1354 I - 1162 
Alternates stopped _______ __ 1 4 Pe~ks I 16.31 I 47.87 I 4954 I 7264 0.55 All open _________________ 1 4 Pecks 16.31 I. 45.67 1 4797 1 6974 0.55 
Difference ' _____ __________ 1 I I 2.20 I 157 I 290 
Alternates stopped _________ 1 6 Pe·cks I 16.31 I 48.31 I 5099-1- 7180 0.56 All open _________________ 1 6 Pecks I 16.31 I 46.11 I 4467 I 6708 0.57 
Difference __ ___ __________ 1 I I 2.20 I 532 I 472 
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VI. THE VALUE OF EARLY WATERS AND FLOOD 
WATERS. 
Another method of making the water regularly obtained 
during the irrigation season go further, is to apply to the 
soil early in the spring, at flood time, or in the preceding 
fall, Some of the water that then flows down the rivers un-
o • 
checked. Under present conditions, when many canals are 
taken directly from the rivers, not connected with reservoirs, 
much water flows down the river at all times of the year. 
EspeciaOlly in Mayor early June under the climatic condi-
tions prevailing on the Greenville Farm, much water goes 
to waste. The irrigation season begins usually some three 
weeks after the time of high water, and lasts only 60 to 90 
days. Where reservoirs do not hold back the water, can the 
soil be made to retain some of it III ,,;uch a way as to econo-
mize the regular summer supply? This 0 question should 0 be 
answered that farmers may make the water at their dispos:-tl 
do greater service. 
It is important to rememb~r that on the Greenville Farm, 
the natural precipitation comes very largely in the late fall, win-
ter and early spring, and that the soil, if properly cultivated, 
is usually saturated to the depth of 10 feet or more at the 
time of planting. Places in which the natural precipitation 
is not so large, or in which the soils are not fitted to retain 
natural precipitation, the value of the early waters and flood 
waters would undoubtedly be higher than is indicated in this 
discussion. 
In Table No. IS, is shown the value of early flood water 
for .wheat. The five plats used in the investigation were 
seeded to wheat in the same way and at the same time. The 
first one received no irrigation whatever, (it was dry-farmed) ; 
the second received 7.S inches of water before the seed "vas 
planted but none afterward; the third, received 7.S inch e o)f 
water before the wheat was planted, and 7.S inches in t¥. 0 
applications, during the irrigation season ; the fourth, received 
7.5 inches shortly after planting, and another 7.S inches in 
two irrigations during the irrigation season; the fifth, received 
TABLE NO. 15. 
THE VALUE OF EARLY AND SPRING FLOOD WATERS WITH WHEAT. 
. (Average of Three Years.) 
Total Water Applied Before Water Applied During Dry Water Irrigation Season. Irrigation Season. Grain Straw Matter Applied 
I 
Yield Yield Yield During Quan'ty I July 27 (Bushels (Pounds (Pounds Season Time Date (In.) July 4 per acre) . peracre). per acre) . (Inches). 
None 1 ------------------- 1 -----------1 None I None None 30.90 2862 4339 
7.5 Before planting ______ 1 Apri127 1 7.5 None None 27.61 2553 3965 
15.0 Before planting ______ 1 Apri127 1 7.5 I 3.75 3.75 47.59 6379 8587 
15.0 After planting ________ 1 May 20 1 7.5. 3.75 3.75 57.44 5511 8240 
15.0 At high water ________ 1 June 10 1 7.5 1 3.75 3.75 54.92 4896 7536 
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7.5 inches of water at the time of high water, and then 7.5 
inches in two applications during the irrigation season. This 
treatment permitted several comparisons. 
The application of 7.5 inches immediately before plant-
ing but none later gave a smaller yield of grain and of straw 
than that obtained under dry-farming conditions. There was 
no special advantage, therefore, in applying this early irrigJ.-
tion by itself for the production of wheat. This was only to 
be expected, since the water was applied so near seeding 
time that no cultural treatment could De given the soil before-
hand. When, however, 7.5 inches was applied before plant-
ing, and another 7.5 inches in two applications during the irri-
gation ~eason, the yield increased 72 per cent. This shows 
the great value of water applied during the irrigation or grow-
ing period. When 7.5 inches were applied soon after plant-
ing and 7.5 inches later in two irrigations, a still larger yield 
was obtained, a fact showing distinctly the value of the early 
water. When 7.5 inches were applied at the time of high 
water the yield fell slightly. 
The conclusions from this work may be that early watel"; 
even on the saturated Greenville soils, exerts a benefidal 
effect upon the yield of wheat, but that its value is increased 
the later it is applied. This ' would naturally be the case , 
since in earliest spring, water dissipating fo ces tend to re-
duce the soil moisture very materially. 
Very similar results were obtained with potatoes as shown 
in Table No. 16. One hundred bushels of potatoes were ob-
tained without any irrigation by the methods of dry-farming; 
101 bushels, or practically an identical amount, was obtained 
when only 7.5 inches of water were used, being applied ju t 
before planting. When, however, 7.5 inches were applied 
before planting and 7.5 inches in two applications during the 
irrigation season, an increase of 66 bushels was obtained per 
acre. This ' increase is undoubtedly to be ascribed almost 
wholly to the water added during the irrigation season. When 
the first application of 7.5 inches of water was made at the 
time of high water, and then followed during the irrigation 
season with two applications aggregating 7.5 inches, there 
TABLE NO. 16. 
THE VALUE OF EARLY AND FLOOD WATERS WITH POTATOES. 
(Average of Three Years.) 
Total Water Applied Before W ater Applied During Water Dry Potatoes Potatoes 
Applied Irrigation Season. Irrigation Season. Matter Total Market- Per Cent 
During ( Pounds Yield able Market-
Season Time Date Quan'tyj I per acre) (Bushels ( Bushels able (Inches) . (In.) July 21 Aug. 15 I peracre) l pe~~~re) 
None 1 ------------------- 1 -----------1 1 -- I -- I 1800 100 63 63.0 
7.5 IBefore planting ~~~~~~I May 3 I 7.5 1 None 1 None I 1818 101 72 71.3 
15.0 Before planting- ______ 1 May 3 1 7.5 I 3.75 1 3.75 3006 167 126 75.6 
15.0 At high wateL _______ 1 June 8 1 7.5 I 3.75 1 3.75 I 3384 188 144 76.6 
TABLE NO. 17. 
THE VALUE OF EARLY AND FLOOD WATERS WITH SUGAR BEETS. 
Total 
Water W ater Applied Before 
Applied Irrigation Season. 
During 
Season 
I (Acre- Time 
Date 
Inches) . 
7.5 IBefore planting ___ ___ 1 May 5 
15.0 Before planting _____ _ 1 May 5 
15.0 IAt high wateL _______ 1 Tune 6 
Water Applied During 
., 
Quan'ty I (In.) 
7.5 
7.5 
7.5 
Irrigation Season. 
July 7 
None 
3.73 
3.75 
I 
Aug. 15 
None 
3.75 
3.75 
Dry 
Matter 
( Pounds 
per acre) 
4585 
7286 
8515 
Total 
Yield 
(Tons 
per acre) 
9.17 
14.57 
17.03 
P er Cent 
Well 
Shaped 
Beets 
40.0 
64.2 
61.0 
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was an increase of 87 bushels. This shows definitely fhat 
some of the yield was due to the water applied prior to the 
irrigation season. The per cent of marketable potatoes in-
creased when water was used late and during the season of 
growth. 
Almost indentical results were obtained with sugar beets. 
When 7.5 inches were applied before planting·, but none dur-
ing the irrigation season, 9.17 tons of sugar beets were pro-
duced; when to the. 7.5 inches used before planting, another 
7.5 inches were added in two irrigations during the growing 
season, the :yield increased to nearly 15 tons per acre, and 
w hen, instead of the first 7.5 inches being applied before 
planting, it was applied at the time of high water, the total 
yield of beets rose to 17 tons, nearly twice as much as the 
crop obtained in the first series when 7.5 inches were applied 
just before planting, and none later. The per cent of well 
shaped beets was also higher when water was used during 
the irrigation season. 
A t the time of planting the water stored in the soil from 
the natural precipitation, is probably sufficient, under the 
conditions here prevailing, for the needs of the young cro:p. 
Ahy more water C;ldded before seeding simply sinks down in 
the soil beyond the reach of the roots. As soon a.S crop growth 
begins, however, and the hot weather sets in, any addition 
of early water is beneficial. Water added after planting, and 
especially at the time of high water, which is usually a month 
or more after seed time, has a distinct value in determining 
a high yield. The water added during the irrigation season 
has a much higher value than any added earlier. When early 
and flood waters and the regular irrigations are so used as 
to maintain a uniformly moist soil, well above the point of 
'lento-capillarity,'* the best yields may be expected. 
In every district, however, where the natural precipita-
tion, because of its small amount or because of faulty methods 
of tillage, does not saturate the soil to the point of 'lento-
capillarity,' down to the full depth of root action, (about 10 
feet) it is well to use the early high waters or the waters that 
go to waste in the fall. It is of prime importance,.if the best 
--*Utah Station Bulletin No. 115. 
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results are to be obtained with irrigation, that the soil be 
well filled with moisture at the time of planting. 
In many localities it is the custom to irrigate the seed 
up. Planted in a comparatively dry soil, the seed has to he 
germinated hy irrigation. In such localities it would, in all 
probability, be a great deal better if the water were applied 
to the soil before seeding, until the soil is thoroughly filled 
with water. to the full depth of root action. A few days later, 
when the soil is in the proper condition, planting could begin. 
This would probably give a better stand, and more economical 
results would accrue from the water that comes later in the 
season. W hen used properly the water of early spring and that 
of flood time have distinct value in producing high yields. 
That the soil is an efficient storage reservoir, should not be 
forgotten by the farmer. His first aim should be to use 
the natural pre.cipitation; his second, to supplement the rain-
fall by irrigation at any time that will be beneficial to crops. 
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